RU-486 is an abortifacient which is used to terminate early pregnancy. It acts by blocking progesterone receptor. In our earlier study with progesterone, RU-486 was used as a progesterone receptor antagonist to find out the mechanism of progesterone action on melanoma cells. Results indicated that the effect of progesterone was not mediated through progesterone receptor. In the course of experiments, it was observed that RU-486 by itself inhibited mouse melanoma cell growth. Further research work with RU-486 showed a dose dependent inhibition of human melanoma cell growth. The mechanism of inhibition of cell growth was due to apoptosis and this effect of RU-486 was neither mediated through progesterone receptor nor glucocorticoid receptor. This in-vitro study suggested that melanoma also could be a target for RU-486 action, apart from breast, ovary and prostate cancers.
Introduction
Melanoma is a fatal form of skin cancer [1] , which is on the rise. According to the American Cancer Society report [2] , 76,380 new melanoma cases will be diagnosed and 10,130 people are expected to die from it this year (2016) . This high number of death forced scientists to find drugs from various sources ranging from plant extract to snake venom [3] [4] . At this juncture, it is worth mentioning that our in-vitro study on melanoma cells with progesterone [5] , revealed RU-486 ability to inhibit melanoma cell growth. RU-486 is a synthetic steroid and is a progesterone receptor antagonist [6] .
RU-486 also binds to glucocorticoid receptor and is also considered as a glucocorticoid receptor antagonist [7] . RU-486 is used in the clinic to induce abortion during early pregnancy [8] and RU-486 is also used in the treatment of hormone dependent cancers such as breast, ovary and prostate [9] [10] . As stated earlier, present study with was an extension of our previous work with progesterone, a female sex hormone. Previous study with progesterone showed that it inhibited mouse (B16F10) [11] and human melanoma (BLM) cell growth significantly in vitro and the mechanism of inhibition of human melanoma cell growth was due to autophagy [5] . In order to determine the mechanism of progesterone action, a bioassay involving co-incubation of progesterone with RU-486, a progesterone receptor antagonist, was carried out. Result indicated that progesterone action was not mediated through progesterone receptor. In addition, co-incubation of progesterone with RU-486 showed an additive effect on the inhibition of mouse as well as human melanoma cell growth, suggesting that the mechanism of actions of the two hormones might be different. Hence, the study was extended to check the effect of RU-486 alone on human melanoma (BLM) cell growth. Results showed that RU-486 inhibited human melanoma (BLM) cell growth significantly in a dose dependent manner. The mechanism of inhibition of human melanoma cell growth was due to apoptosis and RU-486 action was neither mediated through progesterone receptor nor through glucocorticoid receptor.
Materials & Methods
Progesterone, RU-486, Dexamethasone, Pan-caspase inhibitor were all obtained from Sigma Chemical Company, St. Louis, MO. MTT (3-[4,5-Dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium bromide), DAPI (4',6 diamidino-2-phenylindole), trypan blue, isopropanol, spermidine, 3-methyladenine, agarose were also obtained from Sigma Chemical Company. Caspase-3/7 assay kit (Apo-one homogenous caspase 3/7 assay) and TUNEL assay kit (DeadEnd colorimetric apoptosis detection system) were purchased from Promega, Madison, WI. Fetal bovine serum (FBS), Trypsin-EDTA (1×), and PBS powder were purchased from Atlanta biologicals, Lawrenceville, GA. RPMI and antibiotic/antimycotic solution 100× (10,000 IU/ml penicillin, 10 mg/ml streptomycin, 25 μg/ml amphotericin B) were purchased from Fisher scientific, Houston, TX.
SLT Spectra plate reader was used for quantitation of cell growth by MTT assay.
Growth Medium (GM)
All cell culture works were carried out in RPMI 1640 medium containing 10% FBS +1X Pen/Strep/Ampho [5] , [11] . Cell growth was quantitated by MTT proliferation assay.
MTT Proliferation Assay [12]
BLM cells were suspended in growth medium (GM) and plated at a density of 1 × 10 4 cells/well in a 96 well plate. Cells were left overnight at 37˚C to attach to the plate. Fol-lowing day, growth medium was replaced by GM containing hormones at different concentrations and incubated for 48 hrs. After 48 hrs, medium was replaced by 100 μl of 1 in 10 diluted (in GM) MTT solution and incubated for another 4 hrs at 37˚C. After 4 hrs, MTT solution was removed. MTT was reduced by metabolically viable cells to a colored (purple) water insoluble formazan salt. The purple color precipitate was solubilized by adding 100 μl of isopropanol and shaken for 20 -30 min at room temperature.
Intensity of resultant purple color was measured at 570 nm in a SLT spectra plate reader.
Trypan Blue Staining [13]
Trypan blue is a dye that does not interact with cell unless the cell membrane is dam- 
DAPI Staining [14]
DAPI is a blue fluorescent probe. DAPI stains nucleus specifically, with little or no cy- 
TUNEL Assay [15]
TUNEL assay was performed to check DNA fragments arising out of apoptosis. Procedure was carried out as per manufacturer's protocol. Briefly, cells grown on slide were fixed with 4% paraformaldehyde and permeabilized with 0.2% Triton X-100. Labeled with TdT reaction mix and stained with 100 μl of DAB and visualized under a light microscope.
Agarose Gel Electrophoresis [16]
Agarose gel (1.2%) was made by mixing agarose in 1X TAE buffer. After cooling the solution, ethidium bromide was added to the solution and poured into the gel apparatus. Fifteen microgram of DNA was loaded on the well and ran at 100 volts till the bromophenol dye moved 3 4 of the gel. The gel was photographed under UV light.
Caspase-3/7 Assay [17]
Caspase-3/7 is a critical executioner of apoptosis, as it is responsible for the proteolytic cleavage of many key proteins. Assays were carried out as per the manufacturer's protocol. Briefly, cells (25000 cell/well) were lysed with lysis buffer. Two X (2X) reaction buffer was added, followed by 2X substrate working solution was added. The plate was covered and incubated at room temperature for 30 min. The plate was read at excitation wavelength of 499 nm and emission wavelength of 521 nm.
Pre-Incubation with Progesterone
As there were conflicting reports on the physical presence of progesterone and estrogen receptors in various melanoma cell lines, the mechanism of RU-486 action was determined by a bioassay. A bioassay, which involved pre-incubation of melanoma cells with progesterone followed by RU-486 treatment, was carried out. In the pre-incubation experiment, melanoma cells were pre-treated with various concentrations of (1, 2.5, 5, 10 μM) of progesterone for 60 -90 min. Afterwards, RU-486 at various concentrations (10, 50, 100 μM) were added and incubated for 48 hrs. At the end of 48 hrs, MTT assay was carried out.
Co-Incubation with Dexamethasone
Initially dose response curve of dexamethasone (Dex) was carried out on BLM cells for 
Statistical Analysis
All experimental points were carried out in triplicate (3 wells). Each experiment was repeated a minimum of three times to check for consistency in results. Each experimental point was expressed as Mean ± SEM. Significance between any two experimental conditions was decided using student's "t" test. Unpaired t-test was used to determine the p-values and a p-value of 0.05 or less was considered significant.
Results

Dose and Time Dependent Inhibition of Human Melanoma (BLM) Cell Growth by RU-486
Initially 
Mechanism of Cell Death Induced by RU-486
There was a significant decrease in melanoma cell growth with increasing concentrations of RU-486. There were also cells floating in the medium, suggesting cell growth inhibition was due to cell death. So, the mechanism of cell death was investigated.
Autophagy Was Not the Cause of Cell Death
Earlier work with progesterone showed that the mechanism of inhibition was due to autophagy [5] . So autophagy as the mechanism of cell death was checked by incubating BLM cells along with RU-486 and 3-methyladenine (1 mM). Three-methyladenine (3-MA) acts specifically on autophagic/lysosomal pathway and prevents the formation of autophagosomes [18] . In fact, 3-MA was used in another study to suppress autophagy in a mouse cell [19] .
Trial 3-MA Rescue
In a trial experiment, autophagy was induced in BLM cells with spermidine, as spermi-dine was shown to induce autophagy in cells [20] , [21] . One hundred μM of spermidine was added to the cells. Forty-eight hrs after incubation, MTT assay was carried out to quantitate cell growth. Cell growth was at 18% in spermidine treated cells (Figure 2(a) ), compared to untreated control cell growth (100%). However, addition of 1 mM of 3-MA along with spermidine, partially rescued cell growth to 46% as shown in Figure 2 (a).
Co-Incubation of RU-486 with 3-MA
In order to determine, whether autophagy was the mechanism of cell death, 1 mM of 3-MA was added to various concentrations of RU-486 (1, 10, 50, 100 and 200 μM) and incubated for 48 hrs. Cell growth was quantitated by MTT assay after 48 hrs of incubation. There was no rescue of cell growth in 3-MA and RU-486 co-incubated cells compared to straight RU-486 treated cell growth (Figure 2(b) ), suggesting autophagy was not the mechanism of cell death.
Necrosis Was Not the Cause of Cell Death
Cell death by Necrosis occurs when the cell membrane is ruptured. Necrosis is a process of cellular lysis with a corresponding release of cytoplasmic components into the surrounding tissue. Trypan blue dye could get into the cell and stain the dead cell. 
Apoptosis Was the Cause of Cell Death
Apoptosis, also known as programed cell death proceeds systematically. Chromatin condensation takes place followed by change in nuclear shape. So DAPI was used to stain the nucleus to check for change in nuclear shape.
DAPI Staining
When viewed under fluorescent microscope, DAPI staining showed crescent or sickle-shaped nuclei at various concentrations of RU-486 treated cells compared to untreated control cell nuclei (Figure 4(a) ), suggesting the nuclear shape had been changed. This change in nuclear shape suggested that the mechanism of cell death could be due to apoptosis.
TUNEL Assay
In order to check for DNA fragments in the nucleus due to apoptosis, TUNEL assay was carried out as per manufacturer's protocol [15] . Dark brown stained nuclei were seen (Figure 4(b) ). There were few brown color stained nuclei in control cells compared to RU-486 treated cells. Only few stained nuclei were seen at 100 μM concentration of RU-486, because there were only few cells left after treatment with 100 μM concentration of RU-486.
Brown color staining of nuclei suggested the mechanism of cell death was due to apoptosis. 
Agarose Gel Electrophoresis
As a follow-up study after DAPI and TUNEL staining, DNA was harvested from con- 
Caspase-3/7 Assay
Effector caspase-3/7 which brings about cleavage of proteins would be increased in apoptosis. So caspase-3/7 assay was carried out to determine if the activity of the enzyme was increased. Assay of caspase-3/7 activity showed a 2.5 fold increase in RU-486 (50 μM) treated cells (Figure 4(d) ) compared to untreated control cells (p value <0.01), again indicating apoptosis as the mechanism of cell death.
Partial Rescue of Cell Growth by Pan Caspase Inhibitor [17]
Since, caspase activity was increased, then use of pan caspase inhibitor should be able to suppress apoptosis and could partially rescue cell growth. In fact, addition of 20 μM of pan caspase inhibitor along with RU-486, partially rescued cell growth in RU-486 treated cells compared to plain RU-486 treated cells (Figure 4(e) ), further providing evidence that cell death was due to apoptosis.
RU-486 Mechanism of Action
RU-486 is a synthetic steroid hormone and was shown to act through progesterone receptor [7] as well as glucocorticoid receptor [8] . Hence, it was important to study the mechanism of RU-486 action. At high concentration of RU-486 treatment, there were only few cells to start with, so only few cells were stained dark brown. Brown Staining indicated that the mechanism of cell death was due to apoptosis. (c): As a follow-up study, DNA was harvested from control and RU-486 treated cells and ran in 1.2% agarose gel at 100 volts. DNA ladder was seen in RU-486 treated cells, but not in control cells. Though equal quantity of DNA was loaded, the extent of damage to DNA and degradation of DNA could be more at higher concentration of RU-486, resulting in lighter DNA band at higher concentrations. (d): Since, the mechanism of cell death was due to apoptosis, the increase in effector caspase (caspase-3/7) activity was assayed for confirmation. There was a 2.5 fold increase in caspase-3/7 activity in RU-486 (50 μM) treated cells compared to untreated control cells with a P value of less than 0.01. This increase in caspase-3/7 activity suggested apoptosis as the mechanism of cell death. (e): As a confirmatory test for apoptosis, rescue of cell growth experiment using pan-caspase inhibitor (CI) was carried out. Prior to carrying out the experiment, a dose-curve was carried out to determine the optimal concentration of CI to use, which was 20 μM of CI. Experiments showed that there was a partial rescue of cell growth by pan-caspase inhibitor.
Mechanism of Steroid Action-Not Mediated through Progesterone Receptor
In the previous papers [5] [11] co-incubation study showed that the action of progesterone was not mediated through progesterone receptor. Yet another way to check the involvement of progesterone receptor was to pre-incubate BLM cells with progesterone at different concentrations (1, 2.5, 5, 10 μM) for 60 -90 min, followed by RU-486 treatment ( Figure 5(a) ). Progesterone would bind to progesterone receptor during the initial 60 -90 min pre-incubation time and when RU-486 was added later, only very limited number of progesterone receptors would be available for RU-486 to act, resulting in an increased cell growth compared to straight RU-486 treated cells. However, the growth of progesterone pretreated cells followed by RU-486 treatment showed statistically significant decrease in cell growth compared to straight RU-486 treated cells ( Figure 5(b) ). This experiment not only suggested that both progesterone and RU-486 might be acting through different mechanism, but also indicated that RU-486 action was not mediated through progesterone receptor.
Mechanism of Steroid Action-Not Mediated through Glucocorticoid Receptor
Before carrying out co-incubation with RU-486, effect of Dex alone on BLM cell growth was determined by carrying out dose-response curve ( Figure 6(a) ), which did not show any dose-dependent effect on cell growth. In fact, it was a straight line, suggesting Dex had no effect on BLM cell growth. . In order to study the mechanism of progesterone action, BLM cells were pre-incubated with progesterone ranging in concentrations from 1 to 10 μM for 60-90 min. Afterwards cells were incubated with different concentrations of RU-486 (10, 50, 100 μM). Generally, there was a decrease in cell growth ( Figure 5(a) ), suggesting the action was not mediated through progesterone receptor. In fact at P-5 μM and P-10 μM pre-treated cells, followed by RU-486-10 μM treatment, there was a statistically significant (P-0.010; 0.003) decrease in cell growth ( Figure 5(b) ), suggesting that RU-486 acted through different mechanism. Similarly, a statistically significant decrease in cell growth was observed at P-5 μM and P-10 μM pretreatment followed by RU-486-50 μM treatment ( Figure 5(b) ). 
Discussion
Present research work was an extension of our earlier work with progesterone, where progesterone was shown to inhibit human melanoma cell growth significantly and the mechanism of inhibition of cell growth was due to autophagy [5] . In order to study the mechanism of progesterone action, RU-486, a progesterone receptor antagonist was used. RU-486 did not compete with progesterone for progesterone receptor, instead exhibited additive effect on the inhibition of mouse melanoma cell growth [11] . So, the research work was extended to human melanoma (BLM) cell line. RU-486 showed a dose-dependent inhibition of human melanoma cell growth from 10 μM to 100 μM and an optimal incubation time of 48 hrs of RU-486 treatment. As progesterone inhibited human melanoma cell growth by autophagy, initially mechanism of RU-486 inhibition of cell growth through autophagy was checked by co-incubating with 3-MA. Addition of 3-MA to RU-486 did not rescue BLM cells from cell death as expected, indicating autophagy was not the mechanism of cell death. Necrosis was ruled out by trypan blue dye exclusion assay. Finally apoptosis as the mechanism of cell death was checked first by DAPI staining of the nucleus, which showed a change in nuclear shape due to chromatin condensation, suggesting apoptosis could be the mechanism of cell death. Subsequently TUNEL assay, agarose gel electrophoresis, caspase 3/7 assay and partial rescue of cell growth by pan-caspase inhibitor were carried out. All experiments indicated that the mechanism of inhibition of cell growth was due to apoptosis. It was already reported that RU-486 had induced similar growth arrest, caspase activation and apoptosis in breast cancer cells [22] . So, RU-486 induced apoptosis in human melanoma (BLM) cells also. It was already reported by Dr. Telleria group [9] that other highly metastatic human cancer cell lines such as breast, ovary and prostate growth were also inhibited by RU-486.
Previous co-incubation study of progesterone with different concentrations of showed that the action was not mediated through progesterone receptor [5] [11] . But, in the present study, cells were pre-incubated with different concentrations of progesterone (1, 2.5, 5 and 10 μM) and then followed by treatment with different concentrations of RU-486. Again there was no increase in cell growth, but only decrease in cell growth.
Moreover, 10 and 50 μM of RU-486 treatment after progesterone pretreatment showed further decrease in cell growth compared to straight RU-486 treated cells, suggesting the action of RU-486 was not mediated through progesterone receptor and the mechanism of action might be different. A Similar study by Fang et al. [23] also showed that the action of RU-486 was not mediated through progesterone receptor. Another study, where RU-486 action was not mediated through progesterone receptor had already been published [24] . Since, RU-486 is also a glucocorticoid receptor antagonist, the possibility of RU-486 acting through glucocorticoid receptor was checked. Initially, glucocorticoid receptor agonist dexamethasone alone was added to the cells at different concentrations.
There was no dose response effect on cell growth. In fact, it was a straight line indicating dexamethasone had no effect on cell growth. Then co-incubation was carried out with 1 μM of dexamethasone and RU-486 at different concentrations. At the end of 48 hrs incubation time, MTT assay revealed that there was no change in dose response curve when compared to straight RU-486 treated dose-response curve, suggesting the action was neither mediated through glucocorticoid receptor.
Conclusion
This in-vitro study showed that synthetic progesterone receptor antagonist RU-486 inhibited human melanoma cell growth significantly in a dose-dependent manner. The inhibition of cell growth was due to cell death by apoptosis and the action of RU-486 was mediated neither through progesterone receptor nor glucocorticoid receptor. This invitro study also suggested that melanoma could be a potential target for RU-486 action.
An abortifacient's (RU-486) action on skin cancer without mediating through progesterone receptor was intriguing. It is interesting to note that neuroblastoma (nervous system) and melanoma (which is the cancer of melanocyte, derived from neural crest [25] ) cell growth were inhibited by RU-486 without mediating through progesterone receptor.
